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ABSTRACT HSCT
ICAM
Advances in the aircraft technologies have resulted in an
increase in the amount of data required to define a designIDEF
during the conceptual stages. A conceptual design dictates aDEFO
close multidisciplinary effort requiring large amounts of data
exchange. In order to optimize the design process, it is crucial
that a top-down data management design structure be in place in
the early phases of the design. This structure will provide
consistency in data format and allow ease of data exchange
between the various disciplines involved in the design process.|IDEF1X
In the conceptual design phase, consideration must be given to
the changing structure of the of the database as the product
design evolves. Current database design approaches are
typically limited to the detailed design phase where the data
organization is fixed.

The goal of the research was to develop a database designGES
approach to support the conceptual design of complex
engineering products where the database organization isIPPD
evolving. The research investigates the relative merits of a
relational and object-oriented approach to database design for aviDO
multidisciplinary aircraft design effort. On a conceptual level,
complete database design methodologies have been developeMDT
that include all disciplinary data required in the conceptual

design phase. The relational and object-oriented design OODBMS

methodologies were applied directly to the stability and control

section of the design. This research documents these proposedDES
approaches and recommends possible database desigRDBMS
strategies.
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ICAM Definition

ICAM definition used to produce a
function model that is a structured
representation of activities or
functions and the relationships
between those activities within a
system.

ICAM definition used to produce a
data model that represents the
information within the environment
or system. IDEF1X is a design
method for automated systems
implementation of relational
databases.
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INTRODUCTION problems with this approach are redundancy and the lack of a
standard data format. It is quite common to find that the data
New aerospace designs will incorporate new concepts as aexchanged between disciplines and supplied by the
result of advances made in the scientific and engineering designer/configurator are often duplicated in a slightly different
technologies. These new concepts will afford the aircraft format for the various discipline’s use. Moreover, each
designer with an interesting and somewhat envious dilemma. discipline is typically concerned with “its data requirements”
The aircraft designer will have unprecedented flexibility in only, and not much thought or concern is given as to how the
design concepts. However, this new flexibility will often be data will be used by another discipline. Figure 1 shows the data
paralleled in ever increasing design complexity. Aircraft such management problem that currently exists in aircraft conceptual
as the High Speed Civil Transport (HSCT) will provide a design. The figure is somewhat comical in the way in which it
design environment which will require the efficient use of new portrays each discipline involved in the conceptual design
technologies in an arena which has historically proven to have process. However, this representation is not far from reality.
stringent performance and cost goals which must be met in
order to result in a successful design. The complexity of the
HSCT design will dictate a close multidisciplinary effort
requiring large amounts of data exchange. Moreover, with the
enormous development costs associated with such a design,
corporate teaming is essential. It is critical to the success of the
HSCT and future aircraft design that a new approach be taken

toward the management and exchange of information. A top- T

down data management design structure should be developed
and implemented in the early stages in order to optimize the ;Qy:sfjjﬁ
te

design process.

THE DESIGN PROCESS
It is common in the design process for the aircraft Figure 1. The data management problem.
designer/configurator to begin with a set of aircraft

specifications defined by the customer. A study is made of
various configurations which have the qualities which satisfy
these specifications. As the designer/configurator nears
completion of the design iteration, the design is chosen which
first satisfies the major constraints which define the aircraft
geometry such as overall span for airport gate access, cruisingﬁl
speed, passenger load, cargo capacity, etc.. Reliance must the
be placed on the expertise of other disciplines in order to
determine whether or not the configuration meets performance . . .
and cost goals. The exchange of data in this stage of the desigﬁ’f improving thg . product development process 1S now

could often be characterized as a "specific need" exchange. Inbecqmlng more critical. In order o ensure de§|gn success, it IS
order to calculate aircraft lift and drag, the aerodynamicist crumal'thatatop-down data managemgnt de5|gn structure be' in
might request planform and cross-sectional geometric data.plac‘.3 in the garly ph.ases of the design. This siructure wil

However, the structural engineer might want geometric data thatprowde consistency in dgta fo'rmgt'and' allow case of da}ta
defines crucial stress and load points such as the geometry thaiexchange between the various disciplines involved in the design
defines door and landing gear locations. The terminology of Process.

"specific need" is chosen because the designer/configurator
typically provides each discipline with only that data which is

required in performing the specific task of that discipline. A

very common problem with this method of data exchange is
data consistency. It is not uncommon to find that during the
conceptual design phase a particular discipline's updated
calculations have not been effectively communicated with other
disciplines involved in the design effort. This breakdown in the

data exchange process results in inconsistent predictions amon
the various disciplines and valuable design time is lost in the
process of redefining a common basis for evaluation. Other

Due to the complexity in design and the use of advanced
technologies, the HSCT will require a multidisciplinary effort.
Multidisciplinary ~ Design  Optimization ~ (MDO), or
Multidisciplinary Design Technology (MDT), will take
dvantage of the evolving High Performance Computing (HPC)
nvironment and will be a critical component in the design of
he HSCT. The concept of Integrated Product and Process
Development (IPPD)/Concurrent Engineering (CE) as a means

DATA FLOW

Figure 2 diagrams a data flow structure that is logically
centralized around a shared database and will serve as the
model for use in development of proposed approaches and
possible database design strategies for aircraft conceptual
design data. This logically centralized database could also exist
gs a distributed database.



conceptual parts are properly placed within the moldlines of the
aircraft. It is in this phase that the conceptual design is
validated from more detailed perspective. These parts are
further developed and refined in the final design phase. Itis in
this phase that detailed drawings are produced for the
manufacturing of the aircraft systems and parts. The overall
process for the HSCT design is represented by the IDEFO
model presented in figure 3.
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Figure 2. Data flow for conceptual design. T b A
. . . . A . COMPUTER
An important point to note from figure 2 is the inclusion of RESOURGES S
the disciplines of maintainability, reliability, and producibility. ool | warer TVONEERS
Traditionally, these disciplines have not been represented in the winp TUNNEL
earlier phases of aircraft design (i.e. the conceptual stage). TUNNEL
However, there has been an increased realization that while
MDO presently addresses the integration of the traditional Figure 3. IDEFO Diagram - Level 0.

aerospace disciplines such as aerodynamics, propulsion,
structures, and controls earlier in the design process, This zero-level view shows that the design of the HSCT is
Concurrent Engineering (CE), which is concerned with the limited by design requirements and specifications, time and
earlier integration of product life cycle phases such as schedule, and available test data. The design study is usually
manufacturing and support should be addressed in order toinitiated by a request for proposal or (RFP). Figure 4 presents
optimized the aircraft design procéss the level-one IDEFO diagram which shows the process flow
required in developing a HCST design up to the preliminary
design phase. Each node of figure 4 was further broken down
PROCESS MODELING into blocks Al - A5 for this research.

The distinction between conceptual design and preliminary
design is sometimes fuzzy. However, for the purposes of this
paper a distinction will be made in order to provide a better
understanding of how the process model for the design of a
HSCT was developed. For discussion, the term conceptual
design refers to the developmentgbdbal concepts. Global is
used here to represent macro or "big picture" concepts. The
conceptual design phase of aircraft is the process in which the
outer moldlines of the aircraft are created with minimal internal
systems and refinements. Preliminary design refers to the
development o$pecificconcepts. Specific is used to represent
micro concepts, which are the concepts for the individual parts
and systems leading toward final design. The beginning of the
preliminary design phase includes the basic testing of "Will
everything work? Will everything fit together? Will everything
work together?".  During the preliminary design phase,
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Figure 4. IDEFO Diagram - Level 1.

RELATIONAL DATABASE DESIGN APPROACH
Data Relationships Modeling

The HSCT relational design data model includes the

database schema and a data dictionary. The specific categories

Database Schema

A complete database schema for the relational database
design was developed. Examples for the engine and inlet are

shown below.

ENGINE ( COMPONENT_ID, ENG_LEN_TOT,
ENG_MAIN_FRAME, ENG_MAXWT_LEN,
ENG_REAR_FRAME, FAN_CASE_DIA,
FAN_FACE_LEN, MAX_NOZZLE_HEIGHT,
MAX_NOZZLE_WIDTH, NOZZLE_HT,
NOZZLE_INTERN_WIDTH, WT_ENGINES,
WT_PER_ENG, WT_ENG_INSTALL,
WT_START_SYS, WT_AFTERBURN,
WT_THRUST_REV, KPG_TOREN, KB_TOREN,

KEC_GD )

INLET (COMPONENT_ID, APER_AR_INLET,
AREA_RATIO_INLET, BLEED_AREA_INLET,
BYPASS_AREA_INLET, CAP_AREA_INLET,
CONTR_RATIO_INLET, CORR_AIRFLOW_INLET,
CORR_ECS_AIR_INLET, DESIGN_M_INLET,
FACE_RECOV_INLET, IN_LIP_ANG_INLET,
LEAK_AREA_INLET, PRESS_RECOV_INLET,
RAMP_ANG_FIN_INLET, RAMP_ANG_INIT_INLET,

SPILL_AREA_INLET, SUBSONIC_DIF_LD,

for the  database design are as  follows: THROAT_M_INLET, WT_RAMP,
WT_SPIKE, WT_AIRINDUCT_SYS, KD_GD, KM_GD,
1. Aerodynamics KD_TOREN, KR_GD, KS_GD )
2. Aircraft Components
3. Cost Data Dicti
4. Materials ata Lictionary
5. Performance . - .
6. Stability and Control A comprehensive data dictionary for the relational database
7' Weights design was developed and a total of 461 variables were defined.

The data dictionary section describing the inlet is shown as an

The function model identifies a common process in order to

ascertain what the data requirements are for the conceptual
design process. Figure 5 shows examples of the types of data

that are required during the aircraft conceptual design phase.

Compressor
Number of Stages

Turbine

Fan Diameter Blade Count

Euselage Expansion Ratio Efficiency
. Number of Stages

Fuselage Length

Fuselage Cross Sectional Area

Maximum Fuselage Width o Nozzle

<
Nozzle Noise Suppression
a—— Acoustic TreaimentArea
1 Average Exhaust Jet Velocity
. :

Performance

\ /
Stability and Inlet / Wing, Vertical, and Horizontal
Control esign Mach Number ©

Area

Span
Ramp Angle Aspect Ratio

o
Sweel
Aperture Aspect Ratio P

Figure 5. Example data required for aircraft
conceptual design.

Taper Ratio
Thickness Ratio

example.
INLET

DESIGN_M_INLET
RAMP_ANG_INIT_INLET
RAMP_ANG_FIN_INLET
IN_LIP_ANG_INLET
CONTR_RATIO_INLET
THROAT_M_INLET
APER_AR_INLET
CAP_AREA_INLET
PRESS_RECOV_INLET

FACE_RECOV_INLET
CORR_AIRFLOW_INLET

CORR_ECS_AIR_INLET
BLEED_AREA_INLET

SPILL_AREA_INLET
LEAK_AREA_INLET

Design Mach number
Initial ramp angle (degs)

Final ramp angle (degs)
Internal lip angle (degs)
Contraction ratio
Throat Mach number
Aperture aspect ratio (BL/WL)
Capture area inlet (sq ft)

Main inlet average pressure
recovery

Engine face recovery
Corrected engine airflow
(Ibm/sec)

Corrected environmental control
system airflow (Ibm/sec)
Bleed (% capture area)
Spillage (% capture area)
Leakage (% capture area)



BYPASS_AREA_INLET
SUBSONIC_DIF_LD
AREA_RATIO_INLET
WT_RAMP

WT_SPIKE
WT_AIRINDUCT_SYS

Air Induction Weight Estimation

KD_GD

KM_GD

KD_TOREN

KR_GD

KS_GD

Bypass (% capture area)
Subsonic diffuser L/D

Area ratio (throat:face)

Weight of a variable geometry
ramp (Ibs)

Weight of an inlet spike (Ibs)
Weight of air induction system
(Ibs) (includes inlet ducts, ramps,
spikes, and associated controls)

Air induction factor for buried
engine installation for a
commercial transport
(General Dynamics Method)
= 1.33 for ducts with flat cross
sections

= 1.00 for ducts with curved
cross sections

Air induction factor for buried
engine installation for a
commercial transport
(General Dynamics Method)
= 1.0 for Mp below 1.4

= 1.5 for Mp above 1.4

Air induction factor for buried
engine installations (Torenbeek
Method)

= 1.00 for ducts with curved
cross sections

= 1.33 for ducts with flat cross
sections

Ramp factor (General Dynamics
Method)

=1.0 for Mp below 3.0

= (Mp + 2)/5 for Mp above 3.0
Inlet spike constant (General
Dynamics Method)

=12.53 for half round fixed
spikes

= 15.65 for full round
translating spikes

=51.80 for translating and
expanding spikes

Normal Forms in Relational Design

) were defined by Codd in reference 22. The motivation behind
Codd’s definitions was that 2NF was “more desirable” than
INF, and 3NF in turn was more desirable than 2NF. That is, the
database designer should generally aim for a design involving
relations in 3NF, not relations that are merely 2NF or ANF.
However, Codd’s original definition of 3NF turned out to suffer
from certain inadequacies. These inadequacies led to the
revision of Codd’s original 3NF definition and the creation of a
stronger definition known as the Boyce-Codd normal form (
BCNF ). Table 1 shows the ascending series of normal forms.

A relation is in this | ... ifitis in all more basic normal forms

normal form ..... and obeys these constraints:
First normal It has atomic ( single-valued ) attributes.
form (1NF)

Second normal All of its nonkey attributes are functionally

form (2NF) dependent on all of its keys.

Third normal It is free of transitive dependencies.
form (3NF)

Boyce-Codd Every one of its determinants is a
normal form candidate key.

(BCNF)

Fourth normal It is free of multivalued dependencies.

form (4NF)

Domain/key All logical restrictions on its contents are
normal form logical consequences of its key and its

( DKNF) attributes’ domains.

Table 1. Normal form definitions

Date expands on the definition of 3NF by stating that a relation
is in third normal form if and only if the nonkey attributes ( if
any ) are: (a) mutually independent, and (b) irreducibly
dependent on the primary k&y. Relations in first or second
normal form have anomalies concerning modifications and
those in third normal form do not. Therefore, third normal form
was chosen as a minimum normalization for this research.

In order to avoid data redundancy in the relation design, ) ,
relational tables are further normalized beyond the first normal Logical Database Design (IDEF1X)
form ( INF ). The first normal form is defined as a relation that

has atomic or single-valued attributes, i.e. only one value for a Figure 6 shows. theﬁ IDEFfZ.LX m.odel. for tr:je alrcraftf
given row and column in a relational table. This normalization components.  An aircrait ~con iguration is made up o
components. For this application those components are the:

alleviates many problems that typically arise during updates
when data redundancy exists. C. J. Date describes a goo
relational design principle as “one fact in one plate”.

Numerous normal forms have been defined by relational
database experts. The first three normal forms ( INF, 2NF, 3NF

0engine, fuselage, gear, inlet, nozzle, canard, horizontal, vertical,
and wing



Implementation of Database

Implementation of the database model can be on any of the
available relational database management systems such as
ORACLE, SYBASE, or INGRES.

OBJECT-ORIENTED DATABASE DESIGN APPROACH
Data Relationships Modeling

The design treats an aircraft configuration as a object which
is composed of other component objects. The objects making
up an aircraft configuration are a: wing, horizontal, vertical,

Figure 6. IDEF1X diagram of aircraft components. canard, fuselage, engine, nozzle, inlet, and gear. An engine is
made up of a compressor and a turbine. Each of the aircraft
Figure 7 shows the IDEF1X model describing an aircraft component’s objects are made up of member objects which

member along with member material, and load and stresshave load, stress, and material characteristics. The typically
characteristics. disciplinary calculations of aerodynamics, cost, weights,

performance, and stability and control are treated as objects of
Aircraft stability and control, aerodynamic, performance, an aircraft configuration. ~ This seems a little unnatural,

cost, and weight data have been modeled as a function of thehowever, these calculations have been traditionally grouped by
aircraft configuration.  This relationship between aircraft discipline and it is probably a good guess that they will continue
configuration and this calculated data is parent to child. For to be associated in this manner for some time to come.
example, an aircraft configuration has a given weight. This
weight can be made up of many different fixed equipment
combinations, fuel systems, etc.. IDEF1X models for the
weight, stability and control, cost, performance, and
aerodynamic data respectively were developed for this research.

Database Schema

MATERIALS / 33 AC_COMPONENT /9 AC_CONFIGURATION / 10

MEMBER_MAT

COMPONENT TVPE A complete lexical EXPRESS model was developed for the
CRACK_GROWTH Object-Oriented design. An excerpt from that lexical model is
shown below for example.

SHEAR,PROP LIMIT

ENTITY ac_configuration;

conf_no : identification_no;

'v— consists_of : SET [1:?] OF ac_component;
! has_specific . COSts;

| demonstrates : performance;

[ N S— has_defined : weights;

S WewseR b o | - [componenT b (e characterized_by : stability_and_control;

oo has_inherent : aerodynamics;

UNIQUE

un_conf_no : conf_no;

END_ENTITY;

ENTITY ac_component;

v component_id - identification_no;

I component_name . name;

S component_type : hame;

i ) ) made_up_of : SET [1:?] OF ac_member;
Figure 7. IDEF1X diagram of aircraft component members and UNIQUE

the respective material, load, and stress. un_component_id - component_id:
END_ENTITY,;



An aircraft component is made up of aircraft members.
Data Dictionary Figure 10 shows that an aircraft member ( ac_member ) is made
from materials and therefore the material object is considered
The HSCT object-oriented design data model utilizes the an attribute of aircraft member ( ac_member ). The figure also
same data dictionary as the relational design' shows that an aircraft member has load and stress
characteristics which are considered part of the member object.

Logical Database Design ( EXPRESS)

-3,18(26)
Figure 8 shows the EXPRESS model for the aircraft
components. Different from the relational design, the aircraft
configuration object ( ac_configuration ) has attributes that (" wsmems )—— ——— )
extend beyond simple data types. The disciplinary calculations ' )
of costs, weights, aerodynamics, performance, and stability and Cromea s e (e )
control are considered attributes of aircraft configuration. (e yors (st iomn )
Another important point is that a uniqueness constraint exists
for the simple data type of identification_no. This identification oo e = GETTN)
number is inherited by the disciplinary calculation objects as  (wuwee ) - (saratore )
well as the aircraft components ( ac_component ).
- 35, 13, moment } X %7 —{ 35, 13, moment
SR — 35, 13, moment ™z ac_member SOX 35, 14, stress
. S v 35, 14, stress ) oy T { 35, 14, stress )
5, 53, stability_and_control { 35, 15, rotation el X ety { 35, 15, rotation
28,16, i Y z 28, 16, deflection
Figure 8. EXPRESS model -aircraft configuration. e _ )
Figure 9 shows that an aircraft component can be an:
engine, fuselage, gear, inlet, nozzle, canard, horizontal, vertical,
and wing, with each object being a subtype of aircraft _ _
component ( ac_component ) and therefore the heavier black Figure 10. EXPRESS model - aircraft member.
lines
Aircraft component objects that make up an aircraft
configuration such as the wing, horizontal, fuselage, etc., and
(Cmmem ) the aircraft disciplinary calculation objects: cost,
aerodynamics, weights, performance, and stability and control
a0 domiteaion | E— S were also modeled in EXPRESS for this research.
e (e Implementation of Database
Implementation of the database model can be on any of the
I | I —I available object-oriented database management systems or
(—ZJg—ﬂ (—J'I—ﬁ Care ) Cam D) (mams ) object-oriented database programming languages such as
Objectivity/DB, ONTOS, ObjectStore, VERSANT, and
GemsStone.

DATABASE PERFORMANCE METRICS

( 26,70, canard ) ( 21, 73, horizontal ) ( 24,72, vertical ) ( 22,73, wing )

Benchmarks

Little work has been done on performance in the field of
object data management, despite its importance to most
applications>'®  Moreover, there seems to be even less

Figure 9. EXPRESS model - aircraft components.



research in the area of performance comparisons between

relational and object-oriented DBMSs. One difficulty lies in 160
the understanding of what constitutes performance? In his 140 OLookup
book, R. G. G. Cattell discusses two kinds of DBMS 120 B Traversal
performance issues, model-based and architecture-based. 100
80 Einsert

Model-based:In some cases, performance is limited 60 M Total

by the data model, regardless of how good the 40

implementation. For example, relational-model 20

implementations have an impedance mismatch

OODBMS RDBMS OODBMS RDBMS

between programming and query language, forcing an (o) (Cold) warmy (Wam)

application to represent a list (such as the chapters of a
book) as a table, and to copy the data wholesale from
the table to a list in the programming language at
runtime in order to manipulate the elements efficiently.

Figure 11. OO1 benchmark comparison of traditional relational
DBMS against object-oriented database programming language
in seconds.

Architecture-based:... the implementation of specific
ODMS features can have major performance Performance Comparisons of ORACLE and ROSE/C++
implications. In some cases, the implementation Database Models
choices for two particular features, such as
concurrency control and remote databases, can interact In order to evaluate the performance of the conceptual
favorably or very badly for overall speed. Thus, itis IDEF1X and EXPRESS designs, the stability and control
important to consider the overall viéfv. portion of the database design was populated with data. The
relational representation of the stability and control data
Application speed is still considered one of the most important requires seven (7) tables in order to adhere to strict third normal
performance metrics when comparing DBMSs. Cattell and form. The object representation of the same data modeled
Skeen developed the OO1 (Object Operations, Version 1) stability and control data as an attribute of aircraft
benchmark to address some of these performance issues. Theonfiguration. An experiment was set up to conduct table
001 benchmark is intended as a generic measure of ODMSlookups for all 47 variables representing the stability and
performance. It was designed to approximate database needs afontrol data. The number of variable lookups was then doubled
CAD, CASE, and similar applications. A simple database of and tripled, and the system CPU time in seconds required to
parts is used with a many-to-many connection relationship carry out the task was recorded. @~ The ORACLE and C++
between the parts. Three kinds of operations were performedmodels were ran on Sun SPARC stations 2000 and 20
on the parts and connections: lookup, traversal, and isert. respectively, with Solaris 2.4 operating systems. A better
Figure 11 shows the results of Cattell and Skeen’s work using comparison would have been to run each model on the same
the OO1 benchmark for a cold start and with database caching.machine. However, due to limitations in the availability of
The benchmark operations were run on a database ofsoftware for given machines, this was the only available option.
approximately 4 megabytes, with 20,000 parts and 60,000 Figure 12 shows the results of the experiment. The question
connections. Cattell and Skeen showed that with databaseimmediately arises as to how to separate out the two
caching, the OODMBS was 30 times faster overall than the performance issues, model-based and architecture-based. From
RDBMS. The OO1 benchmark was run on the object-oriented the work done by Cattell and Skeen it was determined that it is
database programming languages Objectivity/DB, ONTOS, not possible to compare the performance of different
ObjectStore, VERSNAT, and GemStone, as well as the implementations through abstract analysis except in some
relational database products SYBASE and INGRES at a later simple casel’ A better comparison might be to emulate the
time. Cattell and Skeen’s findings were again consistent with relational tables in an object environment ( and on the same
the results shown in figure 11. They attribute the differences in machine ), then using C++ as the query language. This would
relational and object-oriented DBMS performance to be to possibly eliminate the architecture-based performance issue, but
architecture-based rather than model-based. the model-based issue would still remain. The focus of this
research is evaluating database design methods and how these
methods are impacted by an evolving database design. The
conclusion is that for this domain ( i.e. aircraft conceptual
design ), the measure of performance that is deemed most
important is how the methodology performs in the environment
in which it was designed. It would be quite unnatural to model
objects like relational tables in order to provide a more neutral



ground from which to evaluate performance. The bottom line is

that the aircraft designer is interested in how easy it is to Concept Design Need IDEF1X EXPRESS
introduce changes to a data schema and implement those
Changes. Full abstract Needed for Missing Yes, with
data types object operators operating
semantics constraints
Multiple Important for Yes, supports| Yes, supports
14 specialization’s | abstraction partial orders | partial orders
121 Composite Important for Supported Supported
10 CORACLE ( Sparc objects abstraction
81 Station 2000 ) Relations within | Important for Not Supported with
64 OROSE/C++ ( Sparc compositions abstraction supported precedence on
44 Station 20 ) _ relations
Relations on Needed for Supported Supported
2-/ object structure | semantics
0- 1X 2x 3x Relation Needed for Not Supported
between semantic supported
variables definition
Variant relations| Needed for Not Not supported
. . . . . h ted
Figure 12. Comparison of ORACLE against object-oriented omtion supporte
database programming language (C++) for table lookups in Variant relations | Needed to Not Partial support
seconds defined define state of | supported
: operationally integrity
Integrity Needed for Not Partial support
management of | applications supported
DESIGN COMPARISONS external management
applications
. Management of | Needed for Missing - Missing -
Evaluation of IDEF1X and EXPRESS (General) partial integrity | iterative design| assumes total| assumes total
integrity integrity
Eastman and Fereshetian have developed an excellent set of | Supports Neededto | Basically Basically
. . L . L. schema support design | static, some | static, some
design product-modeling criteria. Table 2 shows this criteria evolution evolution structure structure
for the IDEF1X and EXPRESS data models. Eastman and evolution evolution
; Cont. Needed for Class Class instance
Fe_reshet!an found that IDEF1X lacks adequate support for refinement design etance
object-oriented concepts and does not address operator versus class refinement
semantics provided by abstract data types of methods. nstances

EXPRESS provides strong capabilities for defining the
structures often developed in object-oriented databases. Both

IDEF1X and EXPRESS fail to reflect the dynamic and Table 2. Evaluation of information models according to design
evolutionary nature of design, because of the varied sequence of product-modeling criteria.

applications and the possibly dynamic definition of the database

schema as the design proceeds. The IDEF1X and EXPRESSXPRESS/C++ design and implementation have been found
models appear to address more the manufacturing end of thethat supplement those documented in reference 19. Table 3
product development process, where the issues of change aréletails these findings.

less important’ The domain for this work was derived from

the structure and function of walls.

Evaluation of IDEF1X and EXPRESS (Specific)
Database designs have been generated using both the

IDEF1X and EXPRESS data models. Through this work
certain benefits/detriments of the IDEF1X/Relational and



Attribute

IDEF1X/Relational
Implementation

EXPRESS/Object-
Oriented
Implementation

Data redundancy

No data redundancy

Data redundancy

Real world Data structure is unnatural. Data is structured in a
representation Does not replicate how data is| way that better replicate
actually collected and kept how data is actually
during the design phase. collected and kept durin
the aircraft conceptual
design phase.
Design tools Limited design tools Limited design tools
Speed Has been demonstrate

to be faster than
conventional RDMSs
when model-based and

architecture-based issugp

are eliminated.

Ease of schema
changes

Can be difficult to modify
schema, but not impossible

A little more flexible to
modify schema than
IDEF1X, but still
requires some work

Programming
language interface

Application language and quer]
language typically different

y Can have a common
application and query
language

Manipulation of
objects

Requires multiple queries and
can be somewhat difficult

Object orientation makeg
it easy

Inheritance

Does not support inheritance

Supports inheritance]

Many-to-many
relationships

Many-to-many relationships
require the introduction of a
relationship table in the
relational model

Many-to-many
relationships can be
represented directly in
the object-oriented
model

Table 3. Evaluation of information models for conceptual

aircraft design.

New aircraft designs have become increasingly advanced and
complex. Advances made in the scientific and engineering
technologies have resulted in nontraditional aircraft designs
using high technology materials. Multidisciplinary Design
Optimization (MDO) will take advantage of an evolving high
speed computing environment and will be a critical component
in the design of the HSCT. A major emphasis is also being
placed on using concepts such as Integrated Product and
Process Development (IPPD) and Concurrent Engineering (CE)
as a means of improving the product development process.

The multidisciplinary design effort of the HSCT will require
large amounts of data exchange. The advancements made in
computing technology will further this enormity of data. It is
critical that a data management system be in place very early in
the design process, preferably before the process begins. The
design of a data management system should command the same
level of priority as that given to other disciplines involved in the
process.  Moreover, customers have been independently
developing data management structures for use internally in
order to streamline processes and costs. In today's
environment, the customer wants to be directly involved in the
design process. This has certainly been proven with the design
of the Boeing 777. In order to be responsive to customer
requirements, a data management system must be in place.

This research has focused on the impact of data modeling
and database implementation methods in order to gain a better
understanding of how efficient data management can optimize
the aircraft design process. This research has included the
development of a formal process model for the conceptual
aircraft design sequence. The author has been involved in
numerous conceptual studies over the last ten years with two
major airframe companies. Although each company was very

In nearly all applications, it is important to be able to modify active in the conceptual design process, there seemed to be a

a schema with minimum impact on exiting applications. This lack of process formality. Part of this research has been to
can be even more important in design applications, because thddentify a common process in order to ascertain what the data
user as well as the application programmer may modify the requirements are for the process.

schema ( for example, to define new types of design

components or design constraints). Current DBMSs do not Two database design approaches have been taken. An
provide good facilities to migrate data to new schethas. IDEF1X approach with a relational implementation and an
Typically, the application language and query language are EXPRESS approach with a C++ programming language
different in RDBMSs requiring pre-compilers. If the C++ implementation. In the development of these database designs
programming language is chosen, then the application andit became apparent that current database design approaches are
guery language can be common. The OODBMSs allows for an typically limited to the detailed design phase where the data
object type to have all of the attributes of an existing object organization is fixed. A major problem is the development of a
whereas RDBMSs do not support inheritance. Binary many-to- database design approach to support the conceptual design of
many relationships can be represented directly in the object-complex engineering products where the database organization
oriented model through two list-valued attributes, but they is evolving.

demand the introduction of a relationship table in the relational
model (if the database is to be in first normal fotfn). The popularity of the relational data model is partly due to
its simplicity. It is easy to understand because data is structured
in tables, a concept familiar to almost everyone. The maturity

CONCLUSIONS level of the RDBMs also makes it quite attractive. It provides a
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very powerful query language and very little programming is provides a means for modeling the structure of the object as
required for implementation. However, the relational model is well as its behavior. It is this function that makes the object-
best suited for the data retrieval and manipulation of businessoriented approach to data modeling very appealing for
application requirements and not engineering applications. In engineering applications.
modeling the data required for conceptual design, if third
normal form is strictly enforced, the organization of the data is RECOMMENDATIONS
very unnatural. Unnatural here means that the data structure is
very unrepresentative of how that data exists in the physical Conceptually, both the IDEF1X/ORACLE and
world. EXPRESS/Object-oriented programming language approaches
fall short of providing the user with the ease of schema changes.
The object-oriented representation of conceptual design dataHowever, less work is required when using the
does a better job at providing a more realistic or natural data EXPRESS/Object-oriented programming language
structure than the relational approach. Cattell states that themethodology when making schema changes. This is a very
context of object data management are in the three areas ofdesirable feature in the domain of conceptual aircraft design. It
software engineering, mechanical and electrical engineering, is important for the user to be able to modify a schema with
and document¥. Design tools such as CAD and CAE have minimum impact on existing applicatiofs. Of the two
database systems embedded inside them which are not typicallyapproaches researched, the EXPRESS/Object-oriented
accessible by the user. The problem arises when the user iprogramming language offers the best solution at the present
faced with a variety of application all with incompatible data time. The reasons for this choice are: (1) more commonality
representations. with the physical world, (2) commonality in application and
query language, (3) the increased activity ampett for STEP
Consider the simplistic wing example shown in figure 13. In protocols, which are developed using EXPRESS, (4) relative
order to describe a single surface with relational tables would ease in the manipulation of objects, (5) OODBMSs currently
require a minimum of the three tables shown. An edge is have the best chance for providing a solution where
described by two points and five edges describe the singleapplications and CAD models share a common database, and

surface denoted &urface 1 (6) OODBMSs are still in the infancy stage when compared to
RDBMs. The power of the RDBMS is partly derived from the
< ﬂ RDBMS’s maturity level. Where RDBMS capabilities are

< l Edges becoming more saturated over time, the OODBMS capabilities

> EdgelD | Length | Attribute are just beginning to be exploited, and this will continue to

= % Edgel | 100. 1 - increase over time.
< Edge2 100.
Edge3 350. . . .
/ Figure 14 is a recommended database design strategy. The
v — T ultimate goal would be to develop an application protocol
within STEP. With the numerous applications that have been

developed already, as well as those currently in development,

point3

Edge2

Points | | StartEnd | . . . . -
pointd T x 1 v 2 Taaei> [ FomiD there does not exist a project f_or developmg an application
oint1 Pointl | 182.0| 75.0 |1000| |Edger |Point2 prot_ocol for core conceptual a_|rcraft deS|_gn._ The author
point2 Point2 [125.0| 75.0 [100.0 | | Edge1 |Point4 realizes that the conceptual design phase is highly dependent
Point3 |125.0(-75.0 [100.0 | |Edges | Pointl upon the design in question, however, a baseline standardization
would definitely serve as a design optimization tool. This
would be extremely helpful in the situation where there are a

_ _ _ _ variety of different companies working on the same design and
Figure 13. Relational database representation ofawing  the need for sharing data exists. The steps proposed for
surface. database design are:

A major drawback of a relational design becomes quickly 1. Development of a process model
apparent in this example, that is the problem of segmentation. 2. Development of a data dictionary
Kemper states that one of the most severe drawbacks of the 3. Development of a data schema
relational model is the need to decompose logically coherent 4. Creation of populated objects
application objects over several base relati8nDue to the 5. Object-oriented programming language for data
segmentation introduced in the relational design, in order to manipulation
perform a simple rotation of the surface requires a query 6. Development of a STEP application protocol
consisting of multiple joins. The query serves to reconstruct
the object for rotation. The object-oriented environment
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It is also suggested that the data schema should serve as Movak of Lockheed Aeronautical Systems Company for their
template to help optimize the design process early in the datacreative and technical input.
management development stages. One of the impediments to
successful database design implementation is overcoming the  And lastly, the author would like to thank Gintas Jazbutis
existing cultural barriers within a company. Using the data and M. C. Ramesh for answering any question that | could
schema as a template prior to any database implementatiorcome up with, and a special thanks to Diego Tamburini for his
would at least eliminate some of the data redundancy problemsassistance with STEP tools.
that are so common today. Cultural barriers are built up over
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